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Streamflow Characteristics and Trends Along Soldier

Creek, Northeast Kansas

By Kyle E. Juracek

Abstract

Historical data for six selected U.S. Geological Survey
streamgages along Soldier Creek in northeast Kansas were
used in an assessment of streamflow characteristics and trends.
This information is required by the Prairie Band Potawatomi
Nation for the effective management of tribal water resources,
including drought contingency planning. Streamflow data
for the period of record at each streamgage were used to
assess annual mean streamflow, annual mean base flow, mean
monthly flow, annual peak flow, and annual minimum flow.

Annual mean streamflows along Soldier Creek were
characterized by substantial year-to-year variability with no
pronounced long-term trends. On average, annual mean base
flow accounted for about 20 percent of annual mean stream-
flow. Mean monthly flows followed a general seasonal pattern
that included peak values in spring and low values in winter.
Annual peak flows, which were characterized by considerable
year-to-year variability, were most likely to occur in May and
June and least likely to occur during November through Feb-
ruary. With the exception of a weak yet statistically significant
increasing trend at the Soldier Creek near Topeka, Kansas,
streamgage, there were no pronounced long-term trends in
annual peak flows. Annual 1-day, 30-day, and 90-day mean
minimum flows were characterized by considerable year-to-
year variability with no pronounced long-term trend. During
an extreme drought, as was the case in the mid-1950s, there
may be zero flow in Soldier Creek continuously for a period of
one to several months.

Introduction

The availability of adequate water to meet the present
and future needs of humans, fish, and wildlife is a fundamen-
tal issue for the Prairie Band Potawatomi Nation in northeast
Kansas. Because Soldier Creek flows through the Prairie Band
Potawatomi Nation Reservation (fig. 1), it is an important
tribal resource. An understanding of historical Soldier Creek
streamflow conditions is required for the effective manage-
ment of tribal water resources, including drought contingency
planning.

To provide some of the information necessary for the
future management of tribal water resources, a 1-year study by
the U.S. Geological Survey (USGS), in cooperation with the
Prairie Band Potawatomi Nation, was begun in 2016 to assess
streamflow characteristics at six selected USGS streamgages
along Soldier Creek. The assessment provides information on
historical streamflow availability, variability, and trends.

Purpose and Scope

The purpose of this report is to present the results of the
USGS study to assess streamflow characteristics and trends
at six selected USGS streamgages along Soldier Creek in
northeast Kansas. Various streamflow characteristics were
computed and compared for the period of record for each site,
which ranged from water years 1936 through 2015 (80 years)
to water years 2001 through 2007 (6 years). Unless other-
wise noted, water years are used in the analyses described in
this report. A water year is the 12-month period beginning
October | and ending September 30 that is designated by the
calendar year in which it ends.

Results presented in this report will provide some of the
information needed by the Prairie Band Potawatomi Nation
to enable better informed and more effective management of
tribal water resources. Specifically, the assessment provides
multidecadal information at multiple sites that will contribute
to an improved understanding of historical streamflow condi-
tions along Soldier Creek. Nationally, the methods and results
presented in this report provide guidance and perspective for
future studies concerned with streamflow characterization and
the management implications thereof.

Description of Soldier Creek Basin

The Soldier Creek Basin is an area of about 334 square
miles in northeast Kansas (fig. 1). In addition to Little Soldier
Creek, other lesser tributaries to Soldier Creek, in downstream
order, include Crow Creek, South Branch Soldier Creek,
James Creek, Dutch Creek, Walnut Creek, Messhoss Creek,
Silver Lake Ditch, Halfday Creek, and Indian Creek (fig. 1).
Estimates of streamflow statistics (flow duration, mean flow,
peak values) for multiple ungaged sites along Soldier Creek
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Figure 1. Location of Soldier Creek Basin, Soldier Creek, major tributaries, Prairie Band Potawatomi Nation
Reservation, and selected U.S. Geological Survey streamgages, northeast Kansas.



and its tributaries are provided by Perry and others (2004).
Land use in the basin mostly is a mix of cropland and grass-
land (fig. 2) (Jin and others, 2013).

Spatially averaged annual precipitation for the Soldier
Creek Basin for calendar years 1951 through 2014, derived
from Parameter-elevation Relationships on Independent
Slopes Model (PRISM) monthly precipitation data (Daly and
others, 2008), was about 35 inches. As shown in figure 3 for
the Soldier Creek streamgages near Circleville and Delia,
spatially averaged annual precipitation for the subbasins was
characterized by substantial year-to-year variability with no
apparent long-term trend.

During the 21st century, global warming is projected
to result in minimal change in average annual precipitation
in Kansas; however, the amount of precipitation in individ-
ual storm events may increase (Walsh and others, 2014).
An examination of the 50 largest 24-hour precipitation
events at Topeka, Kansas, for calendar years 1947 to 2016
(National Centers for Environmental Information, 2017)
indicated no apparent trend in the frequency or magnitude
of the events.

Methods

Streamflow characteristics and trends were examined for
the period of record for six USGS streamgages along Sol-
dier Creek in northeast Kansas (fig. 1, table 1). The available
streamflow data used for this study were collected as part
of the USGS national streamgaging network using standard
USGS methods (Turnipseed and Sauer, 2010). Near real-time
and (or) historical streamflow data for the six streamgages are
available from the USGS National Water Information System
(NWIS) (U.S. Geological Survey, 2016).

For each streamgage, streamflow characteristics were
computed for each water year (October 1 to September 30)
during the period of record using daily mean streamflow val-
ues downloaded from NWIS (U.S. Geological Survey, 2016).
Specific streamflow characteristics computed were annual
mean streamflow, annual mean base flow, mean monthly flow,
annual peak flow, and annual minimum flow (1-day, 30-day,
and 90-day means). Annual mean base flow was computed as

Table 1.
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the average of daily mean base-flow values that were esti-
mated using a base-flow-separation technique as described

by Wahl and Wahl (1995). Also, streamflow-duration curves
were developed for each site for which a sufficient period of
record was available (Flynn and others, 1995; current ver-
sion available at https://water.usgs.gov/software/SWSTAT/).
Streamflow-duration curves show the percentage of time that a
streamflow of specific magnitude is equaled or exceeded dur-
ing the period of record analyzed.

Trends were assessed by computing the coefficient of
determination (R?) and p-value from linear regression analy-
sis using Microsoft Excel® software (2016 version). The R?
indicates the extent to which a dependent variable can be
predicted by an independent variable using regression. The R?
values range from 0, which indicates that none of the variance
is explained, to 1, which indicates that all of the variance is
explained. In this report, an R? value greater than 0.5 is consid-
ered a strong relation, 0.25 to 0.5 a moderate relation, and less
than 0.25 a weak relation. The p-value indicates the statistical
significance of a trend. The p-value is a probability that mea-
sures the “believability” of the null hypothesis (in this case,
no trend). The smaller the p-value, the greater the evidence for
rejection of the null hypothesis (Helsel and Hirsch, 1992). In
this study, a trend was considered statistically significant if the
p-value was less than or equal to 0.05.

Streamflow Characteristics and Trends

In this section, results of the streamflow analyses for the
six selected streamgages are presented in downstream order.
Topically, the order of presentation is annual mean streamflow,
annual mean base flow, mean monthly flow, annual peak flow,
annual minimum flow, and streamflow-duration curves. Given
the short period of record (2001 to 2007) for the Soldier Creek
near Holton, Kansas, streamgage (06889170), the results of
the streamflow assessment for that site may not be representa-
tive of long-term conditions and therefore are presented with
no discussion. Unless otherwise stated, trends assessed in this
study were weak (typically, R? less than 0.10) and not statisti-
cally significant (p-value greater than 0.05) and described as
no pronounced trend.

Six U.S. Geological Survey streamgages along Soldier Creek, northeast Kansas, used in

this study to examine streamflow characteristics and trends.

[USGS, U.S. Geological Survey; mi%, square mile]

USGS streamgage Drainage area Period of
identifier (fi:. 19) USGS streamgage name (mgiZ) record
06889140 Soldier Creek near Soldier, Kansas 17 1964-1998
06889160 Soldier Creek near Circleville, Kansas 49 1964-2001
06889170 Soldier Creek near Holton, Kansas 61 20012007
06889180 Soldier Creek near Saint Clere, Kansas 80 1964-1981
06889200 Soldier Creek near Delia, Kansas 157 1958-2015
06889500 Soldier Creek near Topeka, Kansas 290 19362015
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Annual Mean Streamflow

Along Soldier Creek, annual mean streamflow was
characterized by substantial year-to-year variability with no
pronounced long-term trend (fig. 4). At the Soldier Creek
near Soldier, Kansas, streamgage (06889140, fig. 1, table 1)
(hereafter referred to as “Soldier”), annual mean flow during
the period of record (1964 to 1998) ranged from about 1 cubic
foot per second (ft*/s) in 1991 to about 38 ft*/s in 1993. Annual
mean flow at this site was less than 5 ft*/s for 8 years (24 per-
cent) of the period of record including 4 consecutive years
(1988 to 1991). Conversely, annual mean flow was greater than
25 ft¥/s for 3 years (9 percent) of the period of record (fig. 44).

During the period of record (1964 to 2001) at the Soldier
Creek near Circleville, Kansas, streamgage (06889160, fig.

1, table 1) (hereafter referred to as “Circleville”), annual
mean flow ranged from about 5 ft*/s in 1991 to about 90 ft*/s
in 1993. For 6 years (17 percent) of the period of record,
annual mean flow was less than 10 ft*/s. In contrast, for

4 years (11 percent) of the period of record, annual mean flow
exceeded 70 ft¥/s (fig. 4B).

At the Soldier Creek near Saint Clere, Kansas,
streamgage (06889180, fig. 1, table 1) (hereafter referred to as
“Saint Clere”), annual mean flow during the period of record
(1964 to 1981) ranged from about 14 ft¥/s in 1966 to 135 ft/s
in 1973. Annual mean flow was less than 20 ft¥/s for 2 years
(12.5 percent) of the period of record. Conversely, annual
mean flow was greater than 90 ft*/s for 2 years (12.5 percent)
of the period of record (fig. 4D).

During the period of record (1958 to 2015) at the Soldier
Creek near Delia, Kansas, streamgage (06889200, fig. 1,
table 1) (hereafter referred to as “Delia”), annual mean flow
ranged from about 19 ft%/s in 2003 to 281 ft*/s in 1973. For
6 years (11 percent) of the period of record, annual mean flow
was less than 25 ft¥/s. Of the 6 years, 5 years occurred during
the period 2000 to 2015 and 3 years occurred consecutively
(2012 to 2014). Annual mean flow exceeded 250 ft*/s for 3
years (5 percent) of the period of record (fig. 4E).

At the Soldier Creek near Topeka, Kansas, streamgage
(06889500, fig. 1, table 1) (hereafter referred to as “Topeka™),
annual mean flow during the period of record (1936 to 2015)
ranged from about 5 ft3/s in 1956 to 590 ft*/s in 1993. Annual
mean flow was less than 40 ft¥/s for 9 years (11 percent) of
the period of record. Of the 9 years, 4 years occurred con-
secutively from 1953 to 1956 and 3 years occurred consecu-
tively from 2012 to 2014. Annual mean flow was greater
than 400 ft*/s for 4 years (5 percent) of the period of record
(fig. 4F).

To provide a comparison of Soldier Creek flow into
and out of the reservation, annual mean flows at Circleville
(upstream) and Delia (downstream) were compared for 1965
to 2000 (that is, the period for which complete water year flow
data were available for both sites). The comparison indicated
an increase in annual mean flow from Circleville to Delia that
ranged from about 130 percent (in 1984) to about 610 percent
(in 1991) with an average increase of about 240 percent.

Annual Mean Base Flow

On an annual basis, mean base flow typically accounted
for a small percentage of the mean streamflow in Soldier Creek
(fig. 4). At Soldier, the percentage of the annual mean flow that
was annual mean base flow typically ranged between 5 and
25 percent with an average of about 15 percent (fig. 54). At
Circleville, the typical range was about 10 to 30 percent with
an average of about 18 percent (fig. 5B). Downstream at Saint
Clere and Delia, the typical ranges were about 15 to 30 percent
and 10 to 30 percent, respectively, with an average of about
24 percent (figs. 5D and 5E). At Topeka, the typical range
was about 10 to 30 percent with an average of about 21 per-
cent (fig. 5F). Overall, on an annual basis, mean base flow
accounted for an average of about 20 percent of mean flow.

Mean Monthly Flow

Along Soldier Creek, a general seasonal pattern for mean
monthly flows was evident for the six selected streamgages
that was reflective of the seasonal variability in precipitation.
Beginning with low flows in January, the mean monthly flows
progressively increased to peak values in May or June. Subse-
quently, mean monthly flows declined in July and August. Fol-
lowing an increase in September, mean monthly flows again
declined in October, November, and December (fig. 6).

To provide a comparison of Soldier Creek flow into and out
of the reservation, mean monthly flows at Circleville (upstream)
and Delia (downstream) were compared for 1964 to 2001 (that is,
the period for which monthly flow data were available for both
sites). The comparison indicated an increase in mean monthly flow
from Circleville to Delia that ranged from about 170 percent (in
February) to about 310 percent (in December) with an average
increase of about 230 percent (table 2).

Table 2. Comparison of mean monthly flows at the Soldier Creek
streamgages near Circleville (06889160) and Delia (06889200),
Kansas, for the period 1964 to 2001.

[ft*/s, cubic foot per second]

Mean monthly flow, in ft¥/s Percentage
Month - - - . A
Circleville Delia increase
January 10.2 37.7 270
February 26.6 71.4 170
March 46.2 132.5 190
April 49.1 161 230
May 60.5 185.6 210
June 68.9 212.6 210
July 30.8 96.3 210
August 14 48.6 250
September 28.4 93.1 230
October 19.9 69.3 250
November 20 70.1 250
December 12.1 49.5 310

Percentages rounded to the nearest 10 percent.
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Figure 4. Variation in annual mean streamflow and annual mean base flow at six selected U.S. Geological Survey
streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160).
C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). £, Soldier
Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).
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C. Soldier Creek near Holton, Kansas (06889170)
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Figure 4. Variation in annual mean streamflow and annual mean base flow at six selected U.S. Geological Survey
streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160).
C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). E, Soldier
Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).—Continued
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Figure 4. Variation in annual mean streamflow and annual mean base flow at six selected U.S. Geological Survey
streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160).
C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). E, Soldier
Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).—Continued
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Figure 5. Variation in annual mean base flow as percentage of annual mean streamflow at six
selected U.S. Geological Survey streamgages. A, Soldier Creek near Soldier, Kansas (06889140).

B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Holton, Kansas (06889170).
D, Soldier Creek near Saint Clere, Kansas (06889180). E, Soldier Creek near Delia, Kansas (06889200).
£, Soldier Creek near Topeka, Kansas (06889500).
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Figure 5. Variation in annual mean base flow as percentage of annual mean streamflow at six
selected U.S. Geological Survey streamgages. A, Soldier Creek near Soldier, Kansas (06889140).

B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Holton, Kansas (06889170).
D, Soldier Creek near Saint Clere, Kansas (06889180). £, Soldier Creek near Delia, Kansas (06889200).
F, Soldier Creek near Topeka, Kansas (06889500).—Continued
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Figure 5. Variation in annual mean base flow as percentage of annual mean streamflow at six selected

U.S. Geological Survey streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near
Circleville, Kansas (06889160). C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint
Clere, Kansas (06889180). E, Soldier Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas
(06889500).—Continued
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Figure 6. Mean monthly flows for the period of record at six selected U.S. Geological Survey streamgages.

A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier
Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). E, Soldier Creek
near Delia, Kansas (06889200). £, Soldier Creek near Topeka, Kansas (06889500).
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C. Soldier Creek near Holton, Kansas (06889170, 2001-07)
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D. Soldier Creek near Saint Clere, Kansas (06889180, 1964—81)
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Figure 6. Mean monthly flows for the period of record at six selected U.S. Geological Survey streamgages. A,
Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier
Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). E, Soldier Creek
near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).—Continued
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E. Soldier Creek near Delia, Kansas (06889200, 1958-2015)
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F. Soldier Creek near Topeka, Kansas (06889500, 1936-2015)
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Figure 6. Mean monthly flows for the period of record at six selected U.S. Geological Survey streamgages. A,
Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier
Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). E, Soldier Creek
near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500). —Continued



16 Streamflow Characteristics and Trends Along Soldier Creek, Northeast Kansas

Annual Peak Flow

With one exception, annual peak flows along Soldier
Creek were characterized by considerable year-to-year vari-
ability with no pronounced long-term trend (fig. 7). At Soldier,
annual peak flows typically (27 of 34 years) were less than
3,000 ft¥/s. However, for 5 years the annual peak was greater
than 4,000 ft*/s. The largest peak of 11,700 ft’/s occurred in
1970 (fig. 74).

Annual peak flows at Circleville typically (32 of 37 years)
were in the range of 2,000 to 6,000 ft*/s. Notable exceptions
occurred in 1982, 1984, and 1999 with respective peaks of
23,900 ft¥/s, 25,300 ft*/s, and 8,720 ft¥/s (fig. 7B). At Saint
Clere, year-to-year variability in peak flows was substantial and
generally ranged between 1,000 and 8,000 ft¥/s (fig. 7D).

Downstream at Delia and Topeka, annual peak flows
were characterized by substantial year-to-year variability that
apparently increased during the period of record. At Delia,
prior to 1980, peak flows varied over the relatively narrow
range of about 1,000 to 8,000 ft*/s. After 1980, peak flows
at Delia ranged from about 1,000 to nearly 60,000 ft*/s and
exceeded 15,000 ft*/s in 5 different years (fig. 7E). At Topeka,
prior to 1965, peak flows varied over the relatively narrow
range of about 1,000 to 11,000 ft*/s. After 1965, peak flows
at Topeka ranged from about 2,000 to nearly 48,000 ft3/s and
exceeded 20,000 ft*/s in 7 different years (fig. 7F). For annual
peak flows during the period of record at Topeka (1936 to
2015), a weak (R? = 0.12) yet statistically significant (p-value
=0.002) increasing trend was indicated.

The timing of annual peak flows along Soldier Creek
was not restricted to a particular month or season. Inspection
of the dates for the annual peak flows for all six streamgages
indicated that an annual peak can occur in any month of the
year; however, it was determined that annual peaks are most
likely to occur in May and June and least likely to occur dur-
ing November through February.

Annual Minimum Flow

For annual minimum flow, the 1-day, 30-day, and 90-day
means were assessed. Similar to the annual peak flows, annual
minimum flows along Soldier Creek were characterized by
considerable year-to-year variability with no pronounced long-
term trend (fig. 8).

At Soldier, the annual 1-day mean minimum flows (here-
after referred to as “1-day minimums”) were, without excep-
tion, less than 1 ft¥/s and typically were near zero. The annual
30-day mean minimum flows (hereafter referred to as “30-day
minimums”) typically were less than 1 ft¥/s (30 of 34 years).
The annual 90-day mean minimum flows (hereafter referred
to as “90-day minimums”) frequently were less than 1 ft’/s
(22 of 34 years); however, for 5 years, the 90-day minimum
approached or exceeded 4 ft¥/s (fig. 84).

At Circleville, the 1-day minimums generally were less
than 1 ft*/s (28 of 36 years). The 30-day minimums generally

ranged between zero and 2 ft*/s (29 of 36 years). For the
90-day minimums, values mostly ranged between 1 and about
5 ft*/s (25 of 36 years). Exceptions included 4 years when the
90-day minimum exceeded 10 ft*/s (fig. 8B).

During the relatively short period of record at Saint Clere,
annual minimum flows varied substantially. One-day mini-
mums ranged from near zero to about 6 ft*/s and 30-day mini-
mums ranged from near zero to about 9 ft*/s. The range for the
90-day minimums was about 1 to about 33 ft¥/s (fig. 8D).

At Delia, the 1-day minimums typically were less than
5 ft*/s (47 of 57 years) and occasionally were less than 1
ft*/s (22 of 57 years). For 6 years, the 1-day minimum was
zero. The 30-day minimums typically were less than 10
ft*/s (50 of 57 years) and occasionally were less than 2 ft*/s
(19 of 57 years). The 90-day minimums typically were less
than 30 ft*/s (49 of 57 years) and often were less than 10 ft*/s
(29 of 57 years). Conversely, for 7 years the 90-day minimum
was greater than 40 ft¥/s and for 3 years it exceeded 70 ft*/s
(fig. 8E).

During the period of record at Topeka, 1-day minimums
ranged from zero (multiple years in the 1930s through the
1950s) to as much as 20 ft*/s (in 1982). The 1-day minimums
generally were less than 10 ft¥/s (67 of 80 years) and fre-
quently were less than 5 ft*/s (54 of 80 years). The 30-day
minimums generally were less than 20 ft¥/s (69 of 80 years),
frequently were less than 10 ft*/s (52 of 80 years), and some-
times were less than 5 ft*/s (34 of 80 years). For 7 years the
30-day minimum was zero. The 90-day minimums frequently
were less than 30 ft*/s (58 of 80 years), often were less than
20 ft¥/s (46 of 80 years), and sometimes were less than 10 ft¥/s
(32 of 80 years). Conversely, for 9 years the 90-day mini-
mum exceeded 60 ft*/s and for 2 years (1973 and 1993) it was
greater than 150 ft*/s (fig. 8F). Trombley and others (1996),
using available daily data for the period 1930 to 1992, deter-
mined that the annual 7-day low flow at Topeka most often
occurred in August, September, or October.

In the mid-1950s, one of the worst multiyear droughts in
Kansas recorded history occurred (Paulson and others, 1991).
The effect of the drought on Soldier Creek was recorded at the
Topeka streamgage. For 5 consecutive years, 1953 to 1957, the
30-day minimum was zero or nearly zero. In 1957, the 90-day
minimum also was zero. In fact, from August 17, 1956, to Feb-
ruary 1, 1957, there was zero flow at Topeka for 169 consecu-
tive days. Thus, the streamflow record at Topeka demonstrated
that, during an extreme drought, flow in Soldier Creek may be
zero continuously for a period of one to several months.

Streamflow-Duration Curves

Streamflow-duration curves show the frequency with
which flow of a specified magnitude is equaled or exceeded at
a given site over a specified time period and enable a com-
parison of flow conditions among sites. In this study, flow-
duration curves were created to characterize flow conditions
at Soldier, Circleville, Saint Clere, Delia, and Topeka (fig. 9,
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A. Soldier Creek near Soldier, Kansas (06889140)
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Figure 7. Variation in annual peak flow at six selected U.S. Geological Survey streamgages. A, Soldier Creek
near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Holton,
Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). £, Soldier Creek near Delia, Kansas
(06889200). F, Soldier Creek near Topeka, Kansas (06889500).
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C. Soldier Creek near Holton, Kansas (06889170)
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Figure 7. Variation in annual peak flow at six selected U.S. Geological Survey streamgages. A, Soldier Creek
near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Holton,
Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). £, Soldier Creek near Delia, Kansas
(06889200). F, Soldier Creek near Topeka, Kansas (06889500). —Continued
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E. Soldier Creek near Delia, Kansas (06889200)
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Figure 7. Variation in annual peak flow at six selected U.S. Geological Survey streamgages. A, Soldier Creek

near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Holton,

Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180). £, Soldier Creek near Delia, Kansas
(06889200). F, Soldier Creek near Topeka, Kansas (06889500). —Continued
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A. Soldier Creek near Soldier, Kansas (06889140)
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Figure 8. Variation in annual 1-day, 30-day, and 90-day mean minimum flows at six selected U.S. Geological
Survey streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas
(06889160). C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180).
E, Soldier Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).
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C. Soldier Creek near Holton, Kansas (06889170)
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Figure 8. Variation in annual 1-day, 30-day, and 90-day mean minimum flows at six selected U.S. Geological
Survey streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas
(06889160). C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180).
E, Soldier Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).—Continued
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E. Soldier Creek near Delia, Kansas (06889200)
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Figure 8. Variation in annual 1-day, 30-day, and 90-day mean minimum flows at six selected U.S. Geological
Survey streamgages. A, Soldier Creek near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas
(06889160). C, Soldier Creek near Holton, Kansas (06889170). D, Soldier Creek near Saint Clere, Kansas (06889180).
E, Soldier Creek near Delia, Kansas (06889200). F, Soldier Creek near Topeka, Kansas (06889500).—Continued
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- A. Soldier Creek near Soldier, Kansas (06889140, 1964-98)
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Figure 9. Streamflow-duration curves at five selected U.S. Geological Survey streamgages. A, Soldier Creek
near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Saint
Clere, Kansas (06889180). D, Soldier Creek near Delia, Kansas (06889200). E, Soldier Creek near Topeka, Kansas
(06889500).
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Figure 9. Streamflow-duration curves at five selected U.S. Geological Survey streamgages. A, Soldier Creek
near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Saint
Clere, Kansas (06889180). D, Soldier Creek near Delia, Kansas (06889200). E, Soldier Creek near Topeka, Kansas
(06889500). —Continued
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Figure 9. Streamflow-duration curves at five selected U.S. Geological Survey streamgages. A, Soldier Creek
near Soldier, Kansas (06889140). B, Soldier Creek near Circleville, Kansas (06889160). C, Soldier Creek near Saint
Clere, Kansas (06889180). D, Soldier Creek near Delia, Kansas (06889200). E, Soldier Creek near Topeka, Kansas

(06889500). —Continued

appendix table 1-1). A flow-duration curve was not created for 2.
the Soldier Creek near Holton, Kansas, streamgage because

the period of record was insufficient for a comparison of

values with the other streamgages. For a given frequency of
exceedance, the flow-duration curves document the expected 3.
increase in flow magnitude with distance downstream along

Soldier Creek. For example, the 50-percent exceedance flow
increased from about 1 ft¥/s at Soldier to about 30 ft*/s at

Topeka. Between the same two sites, the 10-percent exceed-

ance flow increased from 11 ft¥/s to about 240 ft¥/s (fig. 9).

Summary and Conclusions

A 1-year study by the U.S. Geological Survey, in coop-
eration with the Prairie Band Potawatomi Nation, was begun
in 2016 to provide an assessment of streamflow characteristics
and trends at six selected U.S. Geological Survey streamgages
along Soldier Creek in northeast Kansas. The intent of the 5.
assessment was to provide some of the information needed by
the Prairie Band Potawatomi Nation to enable better informed
and more effective management of tribal water resources.
Results of the assessment are summarized below: 6.

1. Annual mean streamflow was characterized by substantial
year-to-year variability with no pronounced long-term trend.

The percentage of annual mean streamflow that was
annual mean base flow typically ranged from about 5 to
30 percent and averaged about 20 percent.

Mean monthly flows were low in January, progressively
increased to peak values in May or June, then declined
in July and August. Following an increase in September,
mean monthly flows again declined in October, Novem-
ber, and December.

Annual peak flows, which were characterized by con-
siderable year-to-year variability, were most likely to
occur in May and June and least likely to occur during
November through February. With the exception of a
weak yet statistically significant increasing trend at the
Soldier Creek near Topeka, Kansas, streamgage, there
were no pronounced long-term trends in annual peak
flows.

Annual 1-day, 30-day, and 90-day mean minimum flows
were characterized by considerable year-to-year variabil-
ity with no pronounced long-term trend.

During an extreme drought, there may be zero flow in
Soldier Creek continuously for a period of one to several
months.
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Glossary

base flow The part of streamflow that is not
attributable to direct runoff from precipitation
or melting snow. It is usually sustained by
groundwater inflow to the stream.

minimum flow The lowest measured stream-
flow during a period of time (for example,
during a year).

peak flow The highest measured streamflow
during a period of time (for example, during

a year).

period of record The length of time during
which data, such as streamflow measure-
ments, were collected.

streamflow The volume of water that passes
a given point along a stream per unit time.
Synonyms are discharge and flow. A common
unit of measurement for streamflow is cubic
feet per second.

streamflow-duration curve A curve that
shows the percentage of time that a stream-
flow of specific magnitude is equaled or
exceeded during the period of record ana-
lyzed.

water year The 1-year period that begins
October 1 and ends September 30 and is
designated by the calendar year in which the
period ends. For example, water year 2016
began on October 1, 2015, and ended on Sep-
tember 30, 2016.

Glossary
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Table 1-1. Streamflow duration summarized by frequency of exceedance for the Soldier Creek near Soldier, Kansas (06889140), Soldier
Creek near Circleville, Kansas (06889160), Soldier Creek near Saint Clere, Kansas (06889180), Soldier Creek near Delia, Kansas (06889200),
and Soldier Creek near Topeka, Kansas (06889500) streamgages.

[USGS, U.S. Geological Survey; %, percent. All streamflow values are in cubic feet per second]

USGS Frequency of exceedance
streamgage
identifier USGS streamgage name
(fig. 1) 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
06889140  Soldier Creek near Soldier, 333 11 6.44 4.66 3.6 2.84 2.32 1.91 1.58 1.3
Kansas
06889160  Soldier Creek near Circleville, 1047 404 24.1 17.3 13.4 10.5 8.32 6.78 5.61 4.73
Kansas
06889180  Soldier Creek near Saint Clere, 1619 782 52.7 37.8 29 23.1 18.5 15.6 12.9 10.8
Kansas
06889200  Soldier Creek near Delia, 303.6 142.1 92.4 69.6 532 43.1 343 28.4 22.8 19.7
Kansas
06889500  Soldier Creek near Topeka, 543.6 2394 1529 114 86.9 69.4 55.6 45.1 36.8 30.7
Kansas
USGS Frequency of exceedance
streamgage
identifier USGS streamgage name
(fig. 1) 55% 60% 65% 70% 75% 80% 85% 90% 95%
06889140  Soldier Creek near Soldier, 1.08 0.89 0.72 0.6 0.49 0.39 0.3 0.22 0.15
Kansas
06889160  Soldier Creek near Circleville, 4.01 3.38 2.89 2.42 2.04 1.64 1.18 0.8 0.52
Kansas
06889180  Soldier Creek near Saint Clere, 9.12 8.04 6.96 6.01 5.08 4.03 3.1 2.26 1.39
Kansas
06889200  Soldier Creek near Delia, 16.6 13.8 11.3 9.11 7.25 5.44 3.8 2.51 1.36
Kansas
06889500  Soldier Creek near Topeka, 24.9 20.7 16.6 13.2 9.71 6.54 4.29 2.27 0.46

Kansas
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